Familial studies in inflammatory polyarthritis indicate strong hereditary factors, particularly in relationship to the serological tests (Lawrence and Ball, 1958) . In a single kindred of some 3,000 persons reported briefly by Whittinghill, Hendricks, Taylor, and Thorp (1958) , rheumatoid arthritis was distributed independently of spondylitis and Still's disease. The ten spondylitics had higher than random frequencies of other cases of spondylitis and of Still's disease among their first-degree relatives, suggesting a genetic origin for this dual susceptibility. The five cases of Still's disease had, as their close relatives, spondylitics rather than persons with other forms of juvenile or adult rheumatoid arthritis. Precise details of the criteria used for the diagnosis of Still's disease in this study are not available, and the evaluation of this relationship is complicated by the fact that a transient attack of polyarthritis precedes the onset of spondylitis in about 25 per cent. of patients, often some years before the spondylitic phase (Hollister and Engleman, 1958) .
Conflicting results have been obtained with serological tests in Still's disease. We have found 45 per cent. of such patients to have a positive Rose-Waaler test on at least one occasion during a 4-to 10-year follow-up, although only 13 per cent. were positive on the first test (Bywaters, Carter, and Scott, 1959a) . McEwen, Ziff, Carmel, Ditata, and Tanner (1958) , using the euglobulin fraction for the S.C.A.T., found 58 per cent. positive, but with their inhibition test 94 per cent. were positive.
With a view to elucidating this problem further, a group of patients with Still's disease admitted to the Canadian Red Cross Hospital, Taplow, have been used as probands for a family study.
* Paper given at a meeting of the Heberden Society in December, 1961 .
Method
The criteria used to determine the inclusion of patients as probands in this study were:
(a) That they lived within 15 miles of the Canadian Red Cross Memorial Hospital at Taplow or within 10 miles of Hammersmith Hospital, London, the two centres at which examinations were carried out. (b) That they had been in-patients before January, 1960. (c) That they had rheumatoid arthritis starting before age 16 with evidence of arthritis in four or more joints for a minimum of 3 months, or (in a few cases in which fewer than four joints were affected), with a biopsy of synovial membrane showing hyperplasia with underlying round-cell infiltration and plasma cells without evidence of tuberculosis or other infection.
In no case was there evidence of associated disease, such as ulcerative colitis, psoriasis, systemic lupus erythematosus, or ankylosing spondylitis either on initial examination or at follow-up to the time of the survey, but radiological sacro-iliac changes without evidence of spondylitis were not considered to be a reason for exclusion. Altogether there were 93 probands (35 male and 58 female). In 24 the disease had started before the age of 5 years, 27 between 5 and 10 years, and the remaining 42 between 10 and 16 years. The relatives included were siblings aged 15 or over, parents, and grandparents living in the same area. All relatives who were willing to co-operate were questioned about a history of rheumatic and other complaints in general and specifically about joint pain and swelling, morning stiffness, and previous rheumatic fever or gout, as well as cardiovascular, chest, stomach, urinary, and eye troubles. They then had a clinical examination of the musculo-skeletal system with radiological examination according to a scheme designed to avoid radiation hazards (hands, feet, and lateral cervical spine in all cases, lateral lumbar spine over age 35, and posteroanterior of pelvis in all males and in females over age 45). MALES.-Of the nine male relatives with polyarthritis, four were diagnosed as cases of ankylosing spondylitis; one had frank ankylosing spondylitis without peripheral joint disease, and three had both ankylosing spondylitis and peripheral arthritis-two of these had had iritis.
ANNALS OF THE RHEUMATIC DISEASES
A fifth male relative had been diagnosed as a case of lumbar disk degeneration and possible spondylitis, and the latter was subsequently confirmed by radiological examination.
As the prevalence of spondylitis was 0 3 per cent. in the random population sample, one case would have been expected in a sample of 277 persons (p = < 01). No instances of combined spondylitis and peripheral arthritis were encountered in the Leigh and Wensleydale population samples.
Of the remaining five polyarthritic males, one had a history of two attacks of gout and the other four were diagnosed as cases of rheumatoid arthritis. None of these were sero-positive.
FEMALES.-One of the thirteen females had polyarthritis associated with ulcerative colitis and was sero-negative. The remaining twelve had been diagnosed as cases of rheumatoid arthritis, and of these only three were sero-positive.
Radiological Confirmation was obtained in six of the nine male relatives with clinical polyarthritis, it was doubtful in one spondylitic, and absent in one peripheral arthritic, and in the case of gout. It was present in eight of the thirteen females, two of the others being sibs with early polyarthritis and three grandmothers, in whom only degenerative joint changes were noted on the radiographs.
Past Polyarthritis.-A history of past polyarthritis was given by four male relatives and by seven females. The expected numbers calculated according to age distribution from the Leigh and Wensleydale population sample were five male and eleven female. There was thus no excess of past polyarthritis in the relatives.
Radiological Changes
For comparison with the relatives, a control sample of 275 x rays was taken from the Leigh and Wensleydale surveys. These were stratified for age and sex to match the relatives' x rays, and also for clinical rheumatoid arthritis and seropositivity to match the total Leigh-Wensleydale random sample. These x rays were mixed with relatives' x rays and were then read blind for rheumatoid arthritis, osteo-arthrosis, and disk degeneration, each being graded 0-4 for each group of joints (Kellgren and Lawrence, 1957a, b) . The groups of joints read were distal inter-phalangeal, proximal inter-phalangeal, metacarpo-phalangeal, carpo-metacarpal, wrists, cervical spine, tarsi, lateral metatarso-phalangeal, and first metatarsophalangeal in all cases, and lumbar spine and hips where available. This method of control was used to avoid re-reading the entire Leigh-Wensleydale random sample.
Hands.-Erosive arthritis Grade 2-4 was found in the hands in three male relatives and in two male controls. In two of the former it was severe and in one moderate, and of the latter, one had minimal and one had moderate disease. In the females the ANNALS OF THE RHEUMATIC DISEASES difference was more striking, sixteen relatives having erosive arthritis in the hands but only four controls (X2 = 7 2; p = < *01) (Table III) .
Feet.-Erosive arthritis Grade 2-4 was found in the feet in three male relatives (in one severe), and in two male controls (neither severe). Twelve of the female relatives had erosive arthritis in the feet (in two severe), and six female controls (none severe) (Table III) . Cervical Spine.-Rheumatoid arthritis of the cervical spine wrs graded in accordance with the criteria of Sharp, Purser, and Lawrence (1958) . Six of the male relatives had Grade 2-4 changes in the cervical spine compared with three controls, and five female relatives compared with eleven female controls. There was thus no evidence that cervical rheumatoid arthritis, as defined by Sharp and others, is genetically related to Still's disease. Our experience (J.S.L.) with the relatives of adult rheumatoid arthritics has been similar. In this connexion it should be noted that Sharp and others (1958) found this radiological picture related only to sero-positive rheumatoid arthritis in adults.
Sacro-iliac Joints.-As the random population samples from Leigh and Wensleydale had an x ray of the pelvis only from age 55 onwards, controls from this source were not available in the younger age groups. Accordingly, a control group matched by age and sex with the probands and relatives was picked from general hospital patients (Hammersmith) up to age 54, who had had renal tract x rays during the year 1959 to 1960, and the postmicturition bladder film was used for assessing the sacro-iliac joints. In age groups up to 24 there were insufficient controls from this source and accordingly a group of eleven x rays of convalescent rheumatic fever patients was added. These had been taken previously for another investigation. All the control x rays were mixed with those of the probands and relatives before reading and were read "blind". Radiological evidence of sacro-iliitis was considered to be present when there were erosions of the subchondral bone with sclerosis and diminished joint space and were graded 0-4.
Definite sacro-iliitis Grade 2-4 was found in the most recent film in eight of the male and thirteen of the female probands (Table IV ). In the series of age-matched controls, only one male and three females had this grade of sacro-iliitis, and there was thus five times the expected amount of sacro-iliitis in patients with Still's disease and it was found equally in males and females. Grade of Sacro-ifiitis in Proband.-When the cervical spine, changes typical of rheumatoid relatives were divided into two groups depending on arthritis were found in five (17 per cent.) of male the grade of sacro-iliitis in the proband, it was found relatives of probands with sacro-iliitis, in two that there was a greater prevalence of definite (8 per cent.) of male relatives of probands with sacro-iluitis in the relatives of those probands who doubtful sacro-iliitis, and in none of the remainder. had sacro-ifiitis Grade 2-4 (Table V) . This differ-In the females the reverse applied, the five with ence was striking in the female relatives and, cervical rheumatoid arthritis all being relatives of despite the small numbers concerned, was significant probands without sacro-iliitis. The difference in (p = 04). Not only sacro-iliitis but also clinical males is significant at the 5 per cent. level. polyarthritis Grade 2-4 was slightly more common Sex of Proband.-When the relatives were in the relatives of probands with definite sacro-divided according to the sex of the proband, more iliitis (Table VI) . Clinical spondylitis (five cases clinical polyarthritis was found in the relatives of all male) was found only in the relatives of the male than of the female probands, although probands, with definite or doubtful sacro-iliitis. these relatives and particularly the males were Erosive arthritis of the hands was found in two younger (x2 = 3X9; p = -05) (Table VII, overleaf).
(9 per cent.) of the male relatives of probands with Radiological erosions in the hands were found definite sacro-iliitis, but in only one (1 per cent.) in three of the male relatives of male probands, of the remainder. Of the female relatives of pro-but in none of the male relatives of female probands. bands with definite sacro-iliitis, five (17 per cent.) Sacro-iliitis, similarly, was more common in the had erosive arthritis in the hands compared with male relatives of male probands. The female twelve (9 per cent.) of the remainder. Similarly, relatives had similar amounts of disease clinically in the feet, there was more erosive arthritis in the and radiologically, no matter whether the proband relatives of probands with sacro-iliitis. In the was male or female. 31 relatives showed no inflammatory polyarthritis clinically, but did show erosive changes radiologically. Fourteen of these had sacro-iliac changes alone: five (all grandparents) had erosive changes in more than one site, six had changes in the hands only, five in the cervical spine only, and one in the feet only.
Osteo-arthrosis.-This (based on all the x rays taken) was present in at least one group of joints in 54 per cent. of both male and female relatives, but only three males and 25 females had involvement of five or more groups of joints. The expected number as, judged from the population sample, is eight males and 23 females. There was thus no evidence that the families of Still's disease probands had any increased susceptibility to osteo-arthrosis. Cervical disk degeneration Grade 2-4 was present in 49 male relatives and 66 female relatives. The expected numbers from the control x rays were 52 male and 61 females, so that there was no substantial difference. The degree of severity was also similar, but there were a greater number of relatives in whom more than three disks were affected than in the controls (the difference is not significant, x2= 2'8;p= '1 (Table IX) . There was thus no evidence that sero-positivity in the proband increased the liability to rheumatoid arthritis in his family.
Only one of the 29 male relatives of sero-positive probands who had x rays of the sacro-iliac joints had definite evidence of sacro-iliitis, compared with fourteen of the 77 male relatives of sero-negative probands, a significant difference. No such difference was found in the female relatives.
The eight probands with a persistently positive S.C.A.T. had 29 relatives, none of whom was seropositive, and clinical rheumatoid arthritis was found in only one, a female aged 40, in whom it was also confirmed radiologically in the hands and feet. Erosive arthritis was seen in the hands and feet of one other relative, a female aged 85, who had been diagnosed as a case of degenerative joint disease, and in the hands only of a second female relative aged 59 who also showed sacro-iliac changes. No other relative in this group showed definite sacroiliitis.
Family Size
The most frequent number of children in the families of probands with Still's disease investigated was two-there were 28 such families compared with 27 where there was only one child, and with eleven where there were three, eleven where there were four, and fourteen with more children. In the random sample, the most frequent family size was two when females with no children were excluded.
Cause of Death in Relatives
Only two siblings of the 93 Still's disease probands had died, one from subacute bacterial endocarditis and old rheumatic heart disease and the other from peritonitis after a perforated appendix. Seven of the fathers and four of the mothers had died; 
ANNALS OF THE RHEUMATIC DISEASES
The S.C.A.T. results showed a slightly higher incidence in males which is more in keeping with the expected number.
A past history of polyarthritis was obtained in five males and seven females outside the area, compared with three males and five females within the area (Table X) .
Although the overall incidence of rheumatoid arthritis was slightly lower outside the area, it was still greater than would have been expected, and again showed an earlier onset than in population studies. It was felt that there was no real difference between the two samples, so that the results of the main study are unlikely to have been influenced by using probands and relatives in the immediate vicinity of the hospitals.
Discussion
It is clear from this data that, as a group, the relatives of patients with Still's disease differ in certain respects from the general population. Not only do they have a greater incidence of clinical inflammatory polyarthritis but radiologically they also show a greater frequency of sacro-iliitis and of erosive arthritis in the hands and feet. As the controls were drawn from a different area, this might merely represent a regional difference, but a comparison of seven population samples in Northern Europe has not shown any marked regional differences (Lawrence, Laine, and de Graaff, 1961) .
A striking feature is the relative excess of sacroiliitis in the male relatives and of peripheral erosive changes in the female relatives. The excess of radiological sacro-iliitis in the male relatives would appear to be associated with the findings both of Whittinghill and others (1958) A surprising finding is the small proportion of positive sheep cell agglutination tests in the relatives. In this respect the relatives of cases of Still's disease differ markedly from the families of patients with adult rheumatoid arthritis, in whom a relatively high proportion of positive tests has been encountered (Ziff, Schmid, Lewis, and Tanner, 1958; Lawrence and Ball, 1958) . It is particularly remarkable that none of the relatives of the seropositive Still's probands had a positive sheep cell test. It has been suggested (Lawrence, 1961) that, in adult rheumatoid arthritis, there are two genetic factors, one for the serum factor and the other for the arthritic manifestations, and it is possible that the latter may be identical with the peripheral joint genetic factor in Still's disease.
In view of the absence of positive sheep cell tests in the relatives of sero-positive patients with Still's disease, it must be assumed that the serum factor in Still's disease is not genetically determined and it would seem likely that it is, in fact, secondary to the disease process. This is confirmed to some extent by a connexion which has been noted between the S.C.A.T. in probands and the severity of the disease, but this relationship could equally be explained by effect of the S.C.A.T. on prognosis (Table XI) . (4) Sacro-iliitis was three times as common in the male relatives as in the controls.
(5) A positive S.C.A.T. was found less often in the relatives than in the random sample.
(6) A double inheritance associated with spondylitis and sero-negative peripheral arthritis might perhaps account for these findings.
